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METHOD OF PROGRAMMING, ERASING
AND READING MEMORY CELLS IN A
RESISTIVE MEMORY ARRAY

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to memory arrays, and
more particularly, to a method of programming, erasing and
reading memory cells which include resistive memory
devices.

2. Background Art

FIG. 1 1illustrates a memory device 30 known as a
metal-insulator-metal (MIM) device which mcludes an elec-
trode 32, an insulating layer 34 (also known as a switching
layer) on and i1n contact with the electrode 32, and an
clectrode 36 on and in contact with the insulating layer 32,
so the msulating layer 34 1s between the electrodes 32, 36.
The electrode 32 i1s connected to the draimn of an MOS
transistor 38, while the source of the transistor 38 1s con-
nected to ground, so that the memory device 30 and tran-
sistor 38 are 1n series. As will be described further on, the
programming and erasing of the device 30 1s undertaken by
applying an electrical potential from higher to lower poten-
tial 1n the same direction for both.

Initially, assuming that the memory device 30 1s unpro-
grammed, 1 order to program the memory device 30, a
programming voltage V  1s applied to the electrode 36, so
that an electrical potential 1s applied across the memory
device 30 from a higher to a lower potential 1n the direction
from electrode 36 to electrode 32, (see FIG. 2, a plot of
memory device current vs. voltage applied to the electrode
36 of the memory device 30). This voltage V _ 1s suflicient
to cause charge carriers to be moved 1nto the msulating layer
34, causing the insulating layer 34 (and the overall memory
device 30) to rapidly switch to a low-resistance or conduc-
tive state (A). Upon removal of such potential, the charge
carriers moved into the insulating layer 34 during the
programming step remain therein, so that the insulating
layer 34 (and memory device 30) remain 1n a conductive or
low-resistance state, as indicated by the on-state resistance
characteristic (B). The voltage V_, applied to the gate of the
transistor 38 determines the magnitude of current through
the memory device 30 during the programming step.

In order to erase the memory device 30, a positive
voltage V_, 1s applied to the electrode 36, so that an
clectrical potential 1s applied across the memory device 30
from a higher to a lower electrical potential in the same
direction as in programming the device 30. This potential
V_  1s sullicient to cause charge carriers to move from the
insulating layer 34, in turn causing the insulating layer 34
(and the overall memory device 30) to be i a high-
resistance or substantially non-conductive state. This state
remains upon removal of such potential from the memory
device 30. The gate voltage V_, again determines the mag-
nitude of current through the memory device 30 and 1s
generally set higher than the gate voltage V_, applied during,
programming. As illustrated, the erase Voltage V_ 1s lower
than the programming voltage V,_, and the current prowded
through the memory device 30 during the erase step (C) 1s
higher than the current through the device 30 during the
programming step (based on a higher gate voltage during the
erase step than during the programming step).

FI1G. 2 also illustrates the read step of the memory device
30 1n its programmed (conductive) state and 1n its erased
(nonconductive) state. A voltage V, 1s applied to the elec-
trode 36 so that an electrical potential across the memory
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device 30 from a higher to a lower electrical potential in the
same direction as in the programming and erase steps. This
voltage V, 1s lower than the voltage V. applied for pro-
gramming and 1s lower than the voltage V_, applied for
erasing (see above). In this situation, 1f the memory device
30 1s programmed, the memory device 30 will readily
conduct current, indicating that the memory device 30 1s 1n
its programmed state. If the memory device 30 1s erased, the
memory device 30 will not conduct current, indicating that
the memory device 30 1s 1n its erased state.

It will be understood that memory devices of the type
shown and described above are part of an array which
includes a very large number of memory cells each of which
1s to be individually programmed, erased and read as
needed. For such an array, what 1s needed 1s an approach for
programming, erasing and reading the memory cells, which
approach 1s simple and effective.

DISCLOSURE OF THE INVENTION

Broadly stated, the present approach 1s a method of
writing data to a selected memory cell of a memory array,
the array comprising a plurality of word lines, a plurality of
bit lines, a plurality of memory cells each comprising a
diode and a resistive memory device 1n series connecting a
word line and a bit line, and a plurality of transistors, each
having first and second source/drain terminals and a gate,
cach transistor having a first source/drain terminal connected
to a bit line, the method comprising applying a voltage to a
selected word line, and applying a voltage to the second
source/drain terminal of a transistor having its first source/
drain terminal connected to a selected bit line, the voltage
applied to the selected word line being greater than the
voltage applied to the second source/drain terminal of the

transistor having its first source/drain terminal connected to
the selected bit line.

The present mvention 1s better understood upon consid-
eration of the detailed description below, 1n conjunction with
the accompanying drawings. As will become readily appar-
ent to those skilled 1n the art from the following description,
there are shown and described embodiments of this imven-
tion simply by way of the illustration of the best mode to
carry out the invention. As will be realized, the invention 1s
capable of other embodiments and its several details are
capable of modifications and various obvious aspects, all
without departing from the scope of the imnvention. Accord-
ingly, the drawings and detailed description will be regarded
as 1llustrative 1n nature and not as restrictive.

BRIEF DESCRIPTION OF THE

DRAWINGS

The novel features believed characteristic of the invention
are set forth in the appended claims. The invention itself,
however, as well as said preferred mode of use, and further
objects and advantages thereof, will best be understood by
reference to the following detailed description of 1llustrative
embodiments when read 1n conjunction with the accompa-
nying drawings, wherein:

FIG. 1 1s a cross-sectional view of the memory device as
described above;

FIG. 2 1s a plot of current vs. voltage 1in the programming,
reading and erasing of the memory device of FIG. 1;

FIG. 3 1s a schematic illustration of a memory array for
illustrating the present invention;

FIG. 4 1s a view similar to FIG. 3 and showing application
of voltages to portions thereof;



US 7,355,886 Bl

3

FI1G. 5 1llustrates a diode characteristic of a first embodi-
ment of diode 1n the memory array;

FIG. 6 1s a timing diagram illustrating application of
voltages to the array incorporating the first embodiment of
diode 1n the programming of a selected memory cell thereof;

FIG. 7 1s a view of the array incorporating the first
embodiment of diode showing application of specific volt-
ages to portions thereol in accordance with the timing
diagram of FIG. 6;

FIG. 8 1s a timing diagram illustrating application of
voltages to the array incorporating the first embodiment of
diode 1n a first embodiment of erasing of a selected memory
cell thereof;

FIG. 9 1s a view of the array incorporating the first
embodiment of diode showing application of specific volt-
ages to portions thereof i accordance with the timing
diagram of FIG. 8;

FIG. 10 1s a timing diagram illustrating application of
voltages to the array incorporating the first embodiment of
diode 1n a second embodiment of erasing of a selected
memory cell thereof;

FIG. 11 1s a timing diagram illustrating application of
voltages to the array incorporating the first embodiment of
diode 1n the reading of a selected memory cell thereof;

FIG. 12 illustrates a diode characteristic of a second
embodiment of diode 1n the memory array;

FIG. 13 1s a timing diagram illustrating application of
voltages to the array incorporating the second embodiment
of diode in the programming of a selected memory cell
thereof:;

FIG. 14 1s a view of the array showing application of
specific voltages to portions thereof 1n accordance with the
timing diagram of FIG. 13;

FIG. 15 1s a timing diagram illustrating application of
voltages to the array incorporating the second embodiment
of diode 1n a first embodiment of erasing of a selected
memory cell thereof;

FIG. 16 1s a view of the array incorporating the second
embodiment of diode showing application of specific volt-
ages to portions thereof i accordance with the timing
diagram of FIG. 15; and

FIGS. 17-19 are systems incorporating memory devices
ol the present type.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Reference 1s now made 1n detail to specific embodiments
of the present invention which illustrate the best mode
presently contemplated by the inventors for practicing the
invention.

FIG. 3 illustrates a memory array 110. The array 110
includes a first plurality of parallel conductors 112 (bit lines)
BLO0, BL1, . BLn, and a second plurality of parallel
conductors 114 (WOI’d lines) WLO, WL1, ... WLn overlying
and spaced from, orthogonal to, and Crossmg the first
plurality of conductors 112. A plurality of memory cells
120,,, 120,,, ... 120, _ are included in the array 110. Each
memory cell 120 includes a diode 122 and a resistive
memory device 124 (of the type described above, including
clectrodes 126, 130 and insulator layer 128 between and 1n
contact with the electrodes 126, 130, 1.e., a MIM) 1n series
connecting a conductor WL of the plurality thereof with a
conductor BL of the plurality thereof at the intersection of
those conductors, with diode 122 thereof in a forward
direction from the conductor WL to the conductor BL. For
example, as shown 1 FIG. 3, in the memory cell 120,
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diode 122,, and resistive memory device 124,, 1n series
connect WLO with BL0O, 1n the memory cell 12001, diode
122 ~and resistive memory device 124, in series connect
WI1 with BLO, etc. Each bit line BL0, BL1, . BLn
respectively connects through a Y—decoder transistor 140,
140,, . . . 140 with a sense amplifier 141, 141,, . . . 141
and with a source/drain terminal 142, 142,, . . . 141, of a
transistor 144, 144,, . . . 144 . Each transistor 144,

144, . . . 144 also includes another source/drain terminal
(146,, 146,, . . . 146, respectively) and a gate (148,
148, . . . 148, respectively) as 1n well known.

To aid 1n understanding programming, erasing and read-
ing of a cell 1in the array 110, voltages applied to various
parts of the array 110 are noted i general terms 1n FIG. 4,
and reference 1s made to various timing diagrams as will be
described.

FIG. 4 1illustrates in general terms the programming,
erasing, and reading of a cell of the array 110. That 1s, with
all Y-decoder transistors 140,, 140,, . . . 140_on (Y_sel
high), for a selected cell (1in this example cell 120,,),
VWL_sel 1s applied to word line WL0, VWL _unsel 1s
applied to all other word lines WL1, . . . WLn, VBL _sel 1s
applied to the source/drain terminal 146, of transistor 144,
VBL_unsel 1s applied to the source/drain terminals
146, . . . 146, of all the other transistors 144, . . . 144 .
VBL_gate_sel 1s applied to the gate 148, of the transistor
144, and VBL_gate unsel 1s applied to the gates 148, . . .
148  of all the other transistors 144, . . . 144 .

FIG. 5 1llustrates the diode characteristic of a first embodi-
ment of diode 122 incorporated throughout the array 120. As
shown, such a diode has a relatively low forward threshold,
in this case 0.6V, and a relatively high reverse breakdown
voltage, 1 this case —10V.

In the programming of the cell 120,, of an array 110
incorporating such diodes 122, the signals of FIG. 6 are
applied to the various parts of the array 110. The voltage
VWL_sel 1s applied to the word line WLO 1n successive
increasing pulses up to Vpg_max, 1n this example 5V. (Vpg,
FIG. 2). Prior to the first pulse, Vpg_max (3V) 1s applied as
VBL_unsel to the source/drain terminals 146, . . . 146, of
the other transistors 144,, . . . 144 ., ending after the pulse
Vpg max for word line WL0. At the same time as Vpg_max
(5V) 1s applied to the source/drain terminals 146, . . . 146
of the other transistors 144, . .. 144 . VBL_gate_sel (in this
example 1V) 1s applied to the gate 148, of the transistor
144, and Vpg_max+Vi+AV 1s applied as VBL_gate unsel
to the gates 148, . . . 148 of the other transistors
144 ... ..144 , where Vi=threshold voltage of transistor 144
and AV=an additional voltage to provide adequate current
conduction. Throughout the programming of the cell 120,
VWL _unsel and VBL_sel are held at OV. The voltage drop
between WLO and the source/drain terminal 146, of the
transistor 144, increases from OV to 5V during the pulsing
of the voltage applied to WLO0, and causes the memory
device 124, to adopt a low-resistance state, causing the cell
122, to be programmed (FIGS. 1 and 2). The application of

Vpg_max to the source/drain terminals 146, . . . 146, of the
transistors 144, . . . 144 . along with the application of
Vpg max+Vt+AV to the gates 148,, . . . 148 of the

144 (AV being provided to insure that
transistors 144, . . . 144 are fully turned on so that
Vpg max 1s applied to the bit lines BL1, . . . BLn), and the
other diodes of the array 110, which act as select diodes,
insure that the other cells are not disturbed during program-

ming of the cell 120,,.
FIG. 7 illustrates these particular voltages as applied to
the array 110. For the unselected cells connected to WLO,

transistors 144, . . .
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during the pulsing of the voltage applied to WLO0, the voltage
thereacross goes from -5V to OV. This -5V, applied 1n the
reverse direction of the diode of each such cell, 1s substan-
tially lower than the breakdown voltage (-10V) of the diode.
In addition, the unselected cells connected to BLLO have 0
volts thereacross. Furthermore, for the unselected cells not
connected to WL0 and BLO, the voltage across each such
unselected cell 1s -5V 1n the reverse direction of the diode
thereol. Again, this -5V 1s substantially lower than the
breakdown voltage (-10V) of the associated diode to. Thus
the diodes of the unselected cells properly act as select
diodes.

In the erasing of the cell 120,,, the signals of FIG. 8 are
applied to the various parts of the array 110. The voltage
VWL_sel 1s applied to the word line WL0 as Ver, lower than
Vpg_max (1n this example Ver=1.5V—this voltage may also
be applied in the form of successive increasing pulses,
starting at m 1V and increasing to 1.5V)). At the same time,
Ver (1.5V) 1s applied as VBL_unsel to the source/drain
terminals 146,, . . . 146, of the other transistors 144, . . .
144 . At the same time as Ver 1s applied to the source/drain
terminals 146,, . . . 146, of the other transistors 144, . . .
144 . VBL_gate_sel (8V) 1s applied to the gate 148, of
transistor 144, (greater than the voltage applied 1n program-
ming to provide higher current through the memory device
124.,), and Ver+Vt+AV 1s applied as VBL_gate_unsel to the
gates 148, . . . 148  of the other transistors 144, .. . 144 .
where Vi=threshold voltage of transistor 144, and AV=an
additional voltage to provide adequate current conduction.
Throughout the erasing of the cell 120,,, VWL _unsel and
VBL_sel are held at 0. The voltage drop between WL and
the source/drain terminal 146, of the transistor 144, causes
the memory device 124, to adopt a high-resistance state,
causing the cell 120, to be erased. The application of Ver to
the source/drain terminals 146, . . . 146, of the transistors
144, . .. . 144 . along with the application of Ver+Vt+AV to
the gates 148, . . . 148, of the transistors 144, . ..144 (AV
being provided to insure that transistors 144,, . . . 144, are
fully turned on so that Ver 1s applied to the bit lines
BL1, . .. BLn), and the other diodes, which act as select
diodes, 1nsure that the other cells of the array 110 are not
disturbed during erasing of the cell 120,,.

FIG. 9 illustrates these particular voltages as applied to
the array 110. For the unselected cells connected to WL0 and
BLO0, during application of 1.5V to WLO, the voltage there-
across 1s OV. Furthermore, for the unselected cells not
connected to WL0 and BLO, the voltage across each such
unselected cell 1s —1.5V 1n the reverse direction of the diode
thereol. This —1.5V 1s substantially lower than the break-
down voltage (-10V) of the associated diode. Thus the
diodes of the unselected cells properly act as select diodes.

FI1G. 10 1llustrates a timing diagram for a second embodi-
ment of erasing a selected memory cell of an array 110. The
timing diagram of FIG. 10 1s similar to that of FIG. 8, with
the exception that the voltage applied to BL_gate sel 1s
applied 1n successive 1increasing voltages up to a maximum
of 8V.

In reading the state of the cell 120, voltages are applied
as 1n FI1G. 11. Generally a read operation 1s undertaken after
cach program or erase pulse to determine 11 the required state
has been achieved and whether a further pulse 1s necessary.

FIG. 12 illustrates the diode characteristic of a second
embodiment of diode 122 incorporated throughout the array
110. As shown, such a diode has symmetrical forward and
reverse characteristics, having a forward threshold voltage
threshold of 3V, and a reverse threshold or breakdown
voltage of 3V.
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In the programming of the cell 120,, of an array 110
incorporating such diodes 122, the signals of FIG. 13 are
applied to the various parts of the array 110. The voltage
VWL _sel 1s applied to the word line WLO 1n successive
increasing pulses up to Vpg_max, in this example 5V. Prior
to the first pulse, 2.5V 1s applied as VBL_unsel to the
source/drain terminals 146, . . . 146 of the other transistors
144, . . . 144 , ending after the pulse Vpg_max (5V) for
word line WLO0. At the same time as 2.5V 1s applied to the
source/drain terminals 146, . . . 146 of the other transistors
144., . . . 144 , VBL_gate sel (in this example 1V) 1s
applied to the gate 148, of the transistor 144, and
Vpg max+Vt+AV 1s applied as VBL_gate unsel to the
gates 148, . . . 148 of the other transistors 144, . . . 144 ,
where Vt=threshold voltage of transistor 144 and AV=an
additional voltage to provide adequate current conduction.
2.5V 1s also applied as WL_unsel. Throughout the program-
ming of the cell VBL _sel 1s held at OV. The voltage drop
between WLO and the source/drain terminal 146, of the
transistor 144, increases from OV to 5V during the pulsing
of the voltage applied to WLO0, and causes the memory
device 124, to adopt a low-resistance state, causing the cell
122, to be programmed (FIGS. 1 and 2). The application of
2.5V to the source/drain terminals 146,, . . . 146, of the
transistors 144,, . . . 144 . along with the application of
Vpg max+Vt+AV to the gates 148,, . . . 148, of the
transistors 144, . . . 144, (AV being provided to 1nsure that
transistors 144,, . . . 144 are tully turned on so that
Vpg max 1s applied to the bit lines BL1, . . . BLn), and the
other diodes of the array 110, which act as select diodes,
insure that the other cells are not disturbed during program-
ming of the cell 120,,.

FIG. 14 1llustrates these particular voltages as applied to
the array 110. For the unselected cells connected to WLO,
during the pulsing of the voltage applied to WL0, the voltage
thereacross goes from -2.5V to 2.5V. These voltages are less
than the reverse and forward threshold of the diode (-3V,
3V). In addition the voltage across each unselected cell
connected to BLO 1s 2.5V, below the threshold of the diode
thereof. Furthermore, for the unselected cells not connected
to WLO and BLO, the voltage across each such unselected
cell 1s OV. Thus the diodes of the unselected cells properly
act as select diodes. Additionally, with the substantial major-
ity of cells 1n the array having no potential applied there-
across, currently leakage in the array i1s minimal.

In the erasing of the cell 120, the signals of FIG. 135 are
applied to the various parts of the array 110. The voltage
VWL_sel 1s applied to the word line WLO as Ver, lower than
Vpg max (1n this example Ver=4V). At the same time, Ver
(2V) 1s applied as VBL_unsel to the source/drain terminals
146,, . ..146  of the other transistors 144, . . . 144 . At the
same time as Ver 1s applied to the source/drain terminals
146,, . . . 146 of the other transistors 144, . . . 144
VBL_gate_sel (8V) 1s applied to the gate 148, of transistor
144, (greater than the voltage applied 1n programming to
provide higher current through the memory device 124,),
and Ver+Vt+AV 1s applied as VBL_gate unsel to the gates
148, ... 148 of the other transistors 144, . .. 144 ., where
Vit=threshold voltage of transistor 144, and AV=an addi-
tional voltage to provide adequate current conduction.
Throughout the erasing of the cell 120,,,, VBL _sel 1s held at
0V. 2V 1s applied to WL_unsel. The voltage drop between
WLO0 and the source/drain terminal 146, of the transistor
144 causes the memory device 124, to adopt a high-
resistance state, causing the cell 120, to be erased. The
application of Ver to the source/drain terminals 146, . . .
146, of the transistors 144,, . . . 144 , along with the
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application of Ver+Vt+AV to the gates 148, . . . 148 of the
transistors 144, . .. 144 (AV being provided to insure that
transistors 144,, . . . 144  are fully turned on so that Ver 1s
applied to the bit lines BLL1, . . . BLn), and the other diodes,
which act as select diodes, insure that the other cells of the
array 110 are not disturbed during erasing of the cell 120,,.

FIG. 16 illustrates these particular voltages as applied to
the array 110. For the unselected cells connected to BLO,
during application of 4V to WLO0, the voltage thereacross 1s
2V. For the unselected cells connected to WLO0, during
application of 4V to WLO0, the voltage thereacross 1s 2V.
Furthermore, for the unselected cells not connected to WL
and BLO0, the voltage across each such unselected cell 1s 0.
All of these voltages are between the forward and reverse
thresholds of the diodes. Thus the diodes of the unselected
cells properly act as select diodes. Additionally, with the
substantial majority of cells in the array having no potential
applied thereacross, currently leakage in the array 1s mini-
mal.

During the erase procedure, the voltage applied as BL._ga-
te_sel may be applied as a series of successive, increasing,
pulse was up to 8V.

The read step of a selected cell 1s undertaken 1n the
manner previously described.

FI1G. 17 illustrates a system 200 utilizing memory devices
as described above. As shown therein, the system 200
includes hand-held devices 1n the form of cell phones 202,
which communicate through an intermediate apparatus such
as a tower 204 (shown) and/or a satellite. Signals are
provided from one cell phone to the other through the tower
204. Such a cell phone 202 with advantage uses memory
devices of the type described above for data storage, for
example names, telephone number and other data. One
skilled 1n the art will readily understand the advantage of
using such memory devices in other hand-held devices
which utilize data storage, such as portable media players,
personal digital assistants, digital cameras and the like.

FIG. 18 1llustrates another system 300 utilizing memory
devices as described above. The system 300 includes a
vehicle 302 having an engine 304 controlled by an electronic
control unit 306. The electronic control unit 306 with
advantage uses memory devices of the type described above
for data storage, for example data relating to engine and
vehicle operating conditions.

FIG. 19 illustrates yet another system 400 utilizing
memory devices as described above. This system 400 1s a
computer 402 which includes an input 1 the form of a
keyboard, and a microprocessor for receiving signals from
the keyboard through an interface. The microprocessor also
communicates with a CDROM drive, a hard drive, and a
floppy drive through interfaces. Output from the micropro-
cessor 1s provided to a monitor through an interface. Also
connected to and communicating with the microprocessor 1s
memory which may take the form of ROM, RAM, flash
and/or other forms of memory. The memory with advantage
uses memory devices of the type described above for storage
ol any data which 1s of use.

It will be seen that the present approach for programming,
crasing and reading resistive memory cells of an array 1s
simple and eflective. The process provides for program-
ming, erasing and reading a selected cell of an array without
disturbing other cells.

The foregoing description of the embodiment of the
invention has been presented for purposes of 1llustration and
description. It 1s not mntended to be exhaustive or to limait the
invention to the precise form disclosed. Other modifications
or variations are possible 1 light of the above teachings.
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The embodiments were chosen and described to provide
the best 1llustration of the principles of the invention and its
practical application to thereby enable one of ordinary skall
of the art to utilize the invention in various embodiments and
with various modifications as are suited to the particular use
contemplated. All such modifications and variations are
within the scope of the invention as determined by the
appended claims when interpreted in accordance with the
breadth to which they are fairly, legally and equitably
entitled.

What 1s claimed 1s:

1. A method of writing data to a selected memory cell of
a memory array, the array comprising a plurality of word
lines, a plurality of bit lines, a plurality of memory cells each
comprising a diode and a resistive memory device 1n series
connecting a word line and a bit line, and a plurality of
transistors, each having first and second source/drain termi-
nals and a gate, each transistor having a first source/drain
terminal connected to a bit line, the method comprising
applying a voltage to a selected word line, and applying a
voltage to the second source/drain terminal of a transistor
having 1ts first source/drain terminal connected to a selected
bit line, the voltage applied to the selected word line being
greater than the voltage applied to the second source/drain
terminal of the transistor having its first source/drain termi-
nal connected to the selected bit line.

2. The method of claim 1 wherein the method of writing
data to the selected memory cell further comprises applying
a voltage to the gate of the transistor having its first
source/drain terminal connected to the selected bit line.

3. The method of claim 1 wherein the voltage applied to
the selected word line 1s a pulsed voltage.

4. The method of claim 3 wherein voltages of the suc-
cessive pulses are of increasing magnitude.

5. The method of claim 2 wherein the voltage applied to
the gate 1s a pulsed voltage.

6. The method of claim 5 wherein voltages of the suc-
cessive pulses are of increasing magnitude.

7. The method of claim 1 wherein the method of writing
data to the selected memory cell further comprises applying
a voltage to the second source/drain terminals of other
transistors of the array at least as great as the voltage applied
to the selected word line.

8. The method of claim 1 wherein the method of writing
data to the selected memory cell further comprises applying
a voltage to the second source/drain terminals of other
transistors of the array less than the voltage applied to the
selected word line.

9. The method of claim 1 wherein the writing of data 1s a
programming step.

10. The method of claim 1 wherein the writing of data 1s
an erase step.

11. The method of claim 1 wherein the diode of each
memory cell 1s provided in the forward direction thereof
from a word line to a bit line.

12. The method of claim 1 wherein each resistive memory
device 1s a metal-insulator-metal (MIM) memory device.

13. A method of programming a selected memory cell of
a memory array, the array comprising a plurality of word
lines, a plurality of bit lines orthogonal to the word lines, a
plurality of memory cells each comprising a diode and a
resistive memory device 1n series connecting a word line and
a bit line adjacent the intersection thereotf, and a plurality of
transistors, each having first and second source/drain termi-
nals and a gate, each transistor having its first source/drain
terminal connected to a bit line, the method comprising
applying a voltage to a selected word line, applying a
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voltage to the second source/drain terminal of a transistor
having 1ts first source/drain terminal connected to a selected
bit line, the voltage applied to the selected word line being
greater than the voltage applied to the second source/drain
terminal of the transistor having its first/source/drain termi- 53
nal connected to the selected bit line, and applying a voltage
to the gate of the transistor having its first source/drain
terminal connected to the selected bit line.

14. The method of claim 13 wherein the voltage applied
to the selected word line 1s a pulsed voltage, wherein
voltages of the successive pulses are of increasing magni-
tude.

15. The method of claim 13 wherein each resistive
memory device 1s a metal-insulator-metal (MIM) memory
device.

16. The method of claim 15 wherein the method of
programming the selected memory cell further comprises
applying a voltage to the second source/drain terminals of
other transistors of the array at least as great as the voltage
applied to the selected word line.

17. The method of claim 15 wheremn the method of
programming the selected memory cell further comprises
applying a voltage to the second source/drain terminals of
other transistors of the array less than the voltage applied to
the selected word line.

18. A method of erasing a selected memory cell of a
memory array, the array comprising a plurality of word lines,
a plurality of bit lines orthogonal to the word lines, a
plurality of memory cells each comprising a diode and a
resistive memory device 1n series connecting a word line and
a bit line adjacent the intersection thereotf, and a plurality of
transistors, each having first and second source/drain termi-
nals and a gate, each transistor having its first source/drain
terminal connected to a bit line, the method comprising
applying a voltage to a selected word line, applying a
voltage to the second source/drain terminal of a transistor
having 1ts first source/drain terminal connected to a selected
bit line, the voltage applied to the selected word line being,
greater than the voltage applied to the second source/drain
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terminal of the transistor having 1its first source/drain termi-
nal connected to the selected bit line, and applying a voltage
to the gate of the transistor having 1its first source/drain
terminal connected to the selected bit line.

19. The method of claim 18 wherein the voltage applied
to the gate of the transistor 1s a pulsed voltage, wherein
voltages of the successive pulses are of increasing magni-
tude.

20. The method of claim 18 wherein each resistive
memory device 1s a metal-insulator-metal (MIM) memory
device.

21. The method of claim 20 wherein the method of erasing,
the selected memory cell further comprises applying a
voltage to the second source/drain terminals of other tran-
sistors of the array at least as great as the voltage applied to
the selected word line.

22. The method of claim 20 wherein the method of erasing
the selected memory cell further comprises applying a
voltage to the second source/drain terminals of other tran-
sistors of the array less than the voltage applied to the
selected word line.

23. The method of claim 13 and further comprising
crasing the selected memory cell of the memory array,
comprising applying a voltage to the selected word line,
applying a voltage to the second source/drain terminal of the
transistor having its first source/drain terminal connected to
the selected bit line, the voltage applied to the selected word
line being greater than the voltage applied to the second
source/drain terminal of the transistor having its first source/
drain terminal connected to the selected bit line, and apply-
ing a voltage to the gate of the transistor having its first
source/drain terminal connected to the selected bit line.

24. The method of claim 1 and further comprising said
device mcorporated 1n a system.

25. The method of claim 24 wherein the system 1s selected
from the group consisting of a hand-held device, a vehicle,
and a computer.
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